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Multi-objective optimization of water-saving irrigation in groundwater over-exploitation area of the North China
Plain under joint control of water level, water volume, and crop yield//JING Miao', ZHANG Jiangjiang®’, LIU
Jin', YANG Simin', XIE Yifan®*, SUN Mengya', LU Chunhui®®( 1. School of Earth Science and Engineering, Hohai
University, Nanjing 210098, China; 2. The National Key Laboratory of Water Disaster Prevention, Hohai University,
Nanjing 210098, China; 3. Yangtze Institute for Conservation and Development, Hohat University, Nanjing 210098, China;
4. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 5. College of
Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: To explore water-saving irrigation strategies for crops in the North China Plain under the joint control of
groundwater level, irrigation water use, and crop yield, a multi-objective optimization simulation framework for water-saving
irrigation, named irrigmoo, was developed. This framework integrates a groundwater numerical model based on FloPy, a
crop water requirement model, and the NSGA- Il multi-objective optimization model. Using Cangzhou City in the central-
eastern part of the North China Plain as the study area, field data were collected to calibrate the groundwater numerical
model, construct the crop water requirement model, and configure the NSGA- Il multi-objective optimization model. A set
of Pareto non-dominated solutions for irrigation schemes under limited water conditions was obtained, and representative
groundwater extraction reduction and alternative water source substitution schemes were selected. The results indicate that
reducing the proportion of groundwater in irrigation water by 42. 13% and replacing 15. 28% of groundwater with alternative
water sources could lead to a 2. 36 m rise in deep groundwater levels, a 26. 86% reduction in irrigation water use, and a 3.
94% decrease in winter wheat yield. If groundwater extraction for irrigation is completely banned and 37% of the current
extraction is replaced with alternative water sources, the deep groundwater level could rise by 8.95 m, irrigation water use
could be reduced by 62. 87%, and winter wheat yield would be decreased by 12. 7%, while still remaining within yield
constraints.

Key words: limited water irrigation; groundwater over-exploitation; groundwater level; groundwater numerical model;

multi-objective optimization; crop yield; the North China Plain
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Fig.7 Pareto fronts for three yield scenarios
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Tho ARXS T4 R KL A /N A = 6 BB K 5 TR
SRR MVE IR 14 5 F B B, A B HR AT R
HHEWK S R AARSC, XFH 3 FTa g R Rk
WA B R0 T A AR KA T
KA [T TRT R, S BRAC /N A 3™ (3477 IR EE R O ~
4.08%) o FWIA/NAE =52 B G MRE i J7 5%
ZHEW, A BRI A EN:,

TEF- 27 R 5T, A 100 ZHMA R 4GIE 4 i 4
BT HAT SR R LS T 5 R
WIESN SR IWwiE IR e S IE 3 W N SiYi
PESET5 22 BT 7K TR S 3 73351 100% F
37.13% B 5E 28R R 7K A AR S 400 4 Ik
A& M7 ST ST K 8D 62. 87% , ~F- 1l
KA FF 8. 95 m, HA/NE " 12. 70%, 5=
FARC, PRI S 7 S A S K /b 4. 98% , -
Y3 KA TR 4. 22 m, & /NG 2. 48% , A
J7 SN 1 K AL H b 7 H AR FK & H bR Y
T7 % AT Bl S K B R D 26. 86% , - HL R K
B LTt 2. 36 m , &/NAZ R 3.94% LB 4 Fif
AR KHE B T3 58, AHE R AR L T KA T K
it ARV 3 HARCEE T, g MG T K R A
KU E A 4 TP 5 S8 24 RE S IUREME 19 7K, 9 K IR B2
4.98% ~74.99% ALAEF= AL SE T 58 T IRIZHL B KAz
MBUR R, TIAE 4 M55 &/NE 2 BT
FERERY T R (E2 T B B2 A B 29 A N (R R
T 17.48%) AT LA/ ARG IR

F1 4FERARTKAE EMKEETE
Table 1 Variations of water level, crop yield, water

volume under four optimized irrigation schemes

e HFKIE WFKE KA A KE
-~ RE/ % WE/% WE/m W&/ % &/ %
KRS T % 100 37.13  8.95 -12.70 -62.87

FEEAE T & 8.20 3.22 -4.22 -2.48  -4.98
KEETE 96.11 21.12 10.38 -17.48 -74.99
AR WES 42.13 15.28 2.36  -3.94 -26.86

3.3 itig

DI R A 5 7K AT 5% A3 A R F R /K i A/
ZrealE s s, A SCIERE LK 5 14 /N2 7
WA BARZoh i H G =g T KA K
MR KA ARG AZ BRI ACHESE 5288 1 /K07 K
i 3 BRI BRI T B ik, itk
J& BT 7 S M AR TR I 20 BRAR 1 T 2 3 A e
HARRIE RAEAE S i, WA, A SR LA/
ARy AL T KA I AR 58 X S i B s, KR
B R [ S A /N R HE TR T K ORI HE TR K A7
WAL TR REE, FR S R 2 R E A,

H i, WAt 1K SE kb T AR SREE AR HE,
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fili 20 ASCHIBEE RGeS 5 K TR A AT K
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a. K Z HAREAHESE irrigmoo 35 HI T Hh
TG R X A E W T A s = b T
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P Z Hblifl . IZHESEA U e T AL Gepi s vh
WL LAY 5 1 R /K BUE R B S 800 R
G|, B R T T N OK-AEY - R SR
ARV PERG L

b. %H irrigmoo HESR R DA 7K H SRR B 4R
A B AR TR T A/ N RE I T K 2 BARE
W%, A5 T 3 Pl T A/ NZREM T B AR S
85 MR TG 28 o e T R oK E
FeTIT BB J7 58 . ARV 7 58 Rl fdt S K
D 26. 86% , XML FIKAL BT 2,36 m, & /NAZ
PRI 3. 94% , MR 7K R S IE Y K B 3
ARTTEE, Wi7K U B R A b A A7 1B Bk [ 1A /)N
R AN G B, TS G KR
FK IR B 3, A fe A B SE BLAR L JR T KR AR
iy FEWE T KRN/ NS I B AR
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